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The Examiner had rejected claims 1 to 4 for failure to comply with Article 33(3) of the 
Patent Cooperation Treaty, and asserted that claims 1 to 4 were obvious to the person 
skilled in the art in view of U.S. Patents 5,121,456; 5,307,431; 6,357,933 and 
5,768,455 and in view of JP patent application 2002-311293 and European patent 
application 1,148,366. The Applicant respectfully traverses the Examiner's rejection on 
the aforesaid basis. 

The Examiner had cited US patent 5,121,456 (hereinafter D1) against claims 1 to 4 
allegedly on the ground that they were rendered obvious by this reference. 

The Examiner asserted that D1 is considered to be the most relevant prior art 
reference cited against the present application. In essence, the Examiner asserted that 
D1 is directed to a device for mechanically connecting optical fibers and a tool to 
introduce and remove optical fibers from the device. D1 is directed to a splicer that is 
made of as least four parts; which has first and second mirror image body halves and 
first and second outside body halves each of which having a recess for receiving the 
splice element. The Applicant respectfully submits that the subject matter of the 
present application is completely different from D1 considering that the tool of the 
present application is made of only one part. Furthermore, in the present application, 
Independent parts do not need to be fused to make the ferrule of the present 
application. The reason that the ferrule of the present application does not need to be 
fused results from the fact that the ferrule is made from Shape Memory Materials. D1 
cited by the Examiner does not teach the use of Shape Memory Materials to deform 
and reform the ferrule. Shape Memory Materials exhibit two very unique properties, 
which are pseudo-elasticity and the shape memory effect These two unique properties 
are made possible through a solid-state phase change, that is a molecular 
rearrangement, which occurs in the shape memory material. The two phases that 
occur in shape memory materials are Martensite and Austensite. Martensite, is the 
relatively soft and easily deformed phase of shape memory materials, which exists at 
lower temperatures: Austensite, the stronger phase of shape memory materials occur 
at higher temperatures. The temperatures at which each of these phases begin and 
finish forming are represented by the following variables: Ms, Mf, As, Af. 

Shape memory materials (SMM) are characterized by the following behavior: when the 
material Is below a temperature (MO, which is a property dependent on the particular 
SMM, it Is possible to strain (deform) the material. The strain is quite easily obtained 
by stressing the material with a relatively low stress. When the stress is released, the 
SMM retains the greatest part of the strain. When the SMM is heated above a second 
temperature (Af), which is also dependent on the particular SMM, the SMM will recover 
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the strain. The recovery of the strain is total unless the stress used to deform the SMM 
exceeds the yield strength of the material. Thus, depending on the SMM, maximum 
recoverable strain reaches eight (8) to ten (10) percent. This shape memory 
phenomenon can be used to move or to stress other parts. During heating above (Af), 
the SMM can exert a strength. In such a way, strain recovery will be reduced, 
depending on the strength exerted. The more the strength is high, the more the strain 
recovery will be partial. • 

At a very high strength, the strain recovery will be null. If unstressed, the SMM will tend 
toward total recovery of its original shape. SMM also exhibits pseudo-elastic properties 
coming from its shape memory characteristics. Pseudo-elasticity results from the 
following phenomenon: when the SMM is at a temperature greater than (Af), it can be 
strained at a particularly high rate that Is exhibiting unusual elasticity, arising from the 
shape memory properties pf the material. Initially, when the SMM is stressed, the 
strain will increase linearly, as in an usual elastic material as seen in the graph below. 
However, at an amount of stress, called Sms, which is dependent on the particular 
SMM and temperature, the ratio of strain to stress is no longer linear since the strain 
increases at a higher rate as the stress increases at a lower rate. At a higher level of 
stress, the increase in strain will tend to become smaller. On the release or reduction 
of the stress, the reduction in strain will follow a different curve from the one 
manifested as the stress was increased, in the manner of a hysteresis loop as shown 
in the graph below. 
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Because of the pseudo elastic property of shape memory materials, the ferrule of the 
present invention can be manufactured in small dimensions, for example about 1 pm 
or less in diameter and 8 pm or less in length and can be deformed sufficiently to 
provide, enough space to insert the fibers in the ferrule. 

Accordingly, in Applicant's submission, the present application cannot be rendered 
obvious in view of D1 since reference D1 does not describe a ferrule made of a Shape 
Memory Material. 

In the present application, an axial force is applied on the ferrule to deform it so that 
the fiber can be inserted so that the tool can be used. Whereas as stated on pages 4 
and 5 of D1, in order to use the tool, the tool is inserted in an essentially rectangular 
shaped aperture and rotated In one direction so as to deflect the two sections 
comprising each spring clamp. At the end of the operation, the tool is rotated in the 
opposite direction and withdrawn from the aperture. Furthermore, as indicated by the 
Examiner, D1 does not even contemplate the use of slots. In the present invention, the 
longitudinal slots cut the ferrule from one extremity, traversing the length of the 
"centered or middle portion and stopping at a point between the "centerer" and the 
opposite extremity. Accordingly, the Applicant respectfully submits that the present 
application is not obvious in view of reference D1 on the grounds that D1 does not 
teach the subject matter of the present application and the skilled person in the art 
would not be easily and without difficulty led from D1 to the present invention. 

The Examiner asserted that the subject matter of the present application differs from 
D1 by having slots, however the present application as not considered to be inventive 
in view of D2 which discloses a ferrule comprising slots to provide flexible 
characteristics to the device. Once again, the Applicant respectfully traverses the 
Examiner's rejection. 

The projections (slots) of in D2 are additions of material provided on each end of the 
body of the described device and are uniformly distributed around the axis of the 
ferrule. Thus, the projections in D2 prevent the optical fibers from being crushed, even 
if the connection device has one of its ends bearing against a surface, whereas the 
slots in the present application serve a very different purpose. 

Firstly, contrary to D2 in which the slots represent the addition of material, the slots of 
the present application represent the absence of material. The slots in the present 
application cut the diameter of the ferrule longitudinally. The slots as described 4n D2 
do not cut the ferrule longitudinally. The slots of the present application operate to 
allow sufficient deformation of the bore to freely and reproduclbly Insert the optical fiber 



Gowling Lafleur Henderson LLP . Page 4 



Uowiings - Montreal ZOOb/4/iy 3:27:47 PM PAUfci *ax berver 



into the bore. Each longitudinal slot cuts the ferrule from one extremity, traversing the 
length of the "centerer" and stopping at a point between the "centered and the 
opposite end. The function of the longitudinal slots is to ensure that the stress applied 
by the ferrule on the fiber when the bore is released is not too strong and as such 
avoids the risk that if one needs to put the ferrule in a narrow space, it becomes 
possible to radically bend the fiber without blocking it between the extremity of the 
ferrule and any other object limiting space in the direction of the longitudinal axis of the 
ferrule. The function of the projections (slots) in D2 is to protect the fiber outside of the 
ferrule. Whereas, the function of the slots in the present invention is to protect the fiber 
from the pressure exerted by the ferrule to maintain the fibers in position. Accordingly, 
in Applicant's submission, D1 in combination with D2 would not lead the skilled person 
to the subject matter of the present application. 

The Examiner had also rejected claims 1 to 4 as obvious by combining D1 with US 
Patent 6,357,933 (hereinafter D5) and US Patent 5,768,455 (hereinafter D6). The 
Applicant respectfully traverses the Examiner's objection. In D5, the insert includes a 
slot 45 disposed at the support end and a slot 55 disposed at the receiving end. The 
purpose of slot 45 and 55 respectively is to allow the insert to compress the fiber when 
the insert portion is compressed on the support end. In our invention, the use of the 
slots serve a very different purpose, which is to allow easier enlargement of the ferrule 
bore. In D6, the slots (36) are used to fix a supplementary part on the assembly 
formed by the connector. Whereas, in our patent application, the slits are used to 
easily fix the fibers. 

The Examiner had rejected claims 1 to 4 as obvious to the skilled person in the art in 
view of D1 in combination with EP 1 146 366 (hereinafter D3) and JP 2002 311293 
(hereinafter D4). The Applicant respectfully traverses the Examiner's rejection. 

D3 relates to a plug type connector that is adapted to be latched to a backplane wall in 
a fixed position and has a tapered front, noses or connector end for insertion into an 
adapter which plugs into the backplane wall. As stated on page 6, lines 29 to 35 of D3, 
a protective dust cap is insertable In the ferrule or connection end of the housing to 
protect the ferrule when the connector is assembled. Accordingly, the only purpose of 
the plug / cap of D3 is to prevent dust from entering into the bore of the fiber. The 
caps/pugs of the present invention have a wire that is attached to the center of the 
caps/plugs. The purpose of the plugs / caps of the present invention is to allow for 
optimal positioning of the optical fibers when the caps are removed and replaced by 
the optical fibers. The plug/cap of the present invention has a wire that is positioned at 
its center and is inserted inside the bore of the ferrule. When a fiber is to be inserted 
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into the bore of the ferrule, a first cap is removed and replaced with a first optical fiber. 
The first optical fiber will abut with the wire of the second cap, which ensures that the 
wire of the fist cap is aligned with the first optical fiber. The second cap is then 
removed and the second optical fiber is inserted into the bore of the ferrule and is 
abutted with the first optical fiber. Accordingly, in Applicant's submission, D1 in 
combination with D3 does not teach the subject matter of the present application. 

The plugs / caps 35 and 46 as described in D4 function to place the fiber extremities at 
(.:• o the middle of the ferrule length and to protect the fiber from dust, whereas, the function 

of the plugs / caps of the present invention is to permit optimal positioning of optical 
fibers into the ferrule such that the fibers are lined up. 

Accordingly, the Applicant respectfully submits that the subject matter of the present 
application would not be obvious to the person skilled in the art in view of D1 in 
combination with either D2, D3, D4 t D5 and D6 considering that none of these 
references alone or in combination would lead the skilled person in the art to the 
subject matter being described and claimed in the present application. 

At this time, Applicant wishes to make certain amendments to the written description 
and the claims, as requisitioned and to better and more completely describe and claim 
the invention herein, all without the addition of new subject matter. 

The Examiner had objected to claims 1 to 4 on the ground that they did not meet the 
requirements of Article 6 of the PCT, The Applicant has amended the claims for 
greater clarity and the Applicant respectfully submits that no new subject matter has 
been added to the claims. 

In response to the Examiner's query with respect to the bore having a diameter that is 
slightly smaller that the diameter of the optical fiber, the Applicant respectfully submits 
that the bore is smaller than the optical fiber when there is no optical fiber inside the 
bore. This is one of the advantages of the present invention and benefits of having a 
ferrule made of a Shape Memory Material, which allows the fiber to be fixed by 
exerting pressure on said optical fiber. The ferrule will not crush the fibers as the bore 
diameter of the ferrule is not largely smaller that the fiber but only slightly smaller. 
Furthermore, the slots used limit the pressure that the ferrule exerts on the optical 
fibers. 

The Applicant has also amended the description to ensure that all reference 
characters on the Figures are included in the description. All amendments made to the 
claims on file do not add subject matter to the present invention and are completely 
supported by the description as originally filed. The Applicant respectfully submits that 
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the amendments to the claims are solely for the purpose of clarity. Amended claim 1 
corresponds to old claim 1. New claim 2 corresponds to old claim 1. New claim 3 
corresponds to old claim 1. Support for new claim 4 can be found at page 8 of the 
description. New claims 5 and 6 are supported by the specification at pages 9 to 11. 
New claims 7 and 8 correspond to old claim 3 and are supported by the specification 
at pages 9 to 1 1 . Amended claims 9 and 10 correspond to old claim 4. 

The Examiner has objected to the description on the ground that it did hot meet the 
<i c requirements of Articles 5 and 11.13 (m) of the PCT. 

The Applicant has amended the description of the application in order to more clearly 
explain the invention. The amendment made by the Applicant to the description at 
pages 1 to 12 do not add any new subject matter to the present invention but only 
serve to better explain the invention. 

The Applicant encloses a black line version of the application indicating the changes 
made to the description and claims. 

In response to the Examiner's objection to the reference to the document on page 1, 
line 15 and on page 3 f line 1 r the Applicant respectfully submits that the reference on 
page 1 , line 15 is to a US patent application having publication number 2002/0037140 
and entitled "Composite ferrule of connector for optical fibers, and Method of 
manufacturing same". With respect to the Examiner's objection to page 3, line 1, the 
Applicant has amended the description at page 3, line 1 to add the international 
publication number WO 2004/01 5473 for its international patent application entitled " A 
Connector for Optic Fibers n . 

The Examiner had objected to the Figures presently on file on the ground that they did 
not meet Rule 1 1 .1 3 (a) of the PCT. The Applicant has amended the Figures to clearly 
show all the parts of the inventions and to identify all the parts by references in the 
specification. 

Please replace Figures 1 to 5 presently on file with renumbered Figures 1 to 9 
submitted herewith. 

Old Figure 1 corresponds present Figure 1. 

New Figure 2 is similar to old Figure 1 and present Figure 1 . 

New Figure 3 is an expanded view of the Fenule as shown in Figure 1 . 

New Figure 4 is an illustration of the tool, which was described on page 10 of the 
description as originally filed and was included on original Figures 2 to 5. 
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Renumbered Figure 5a and 5b, which corresponds to original Figure 2. 
Renumbered Figure 6a and 6b, which corresponds to original Figure 3. 
Renumbered Figure 7a and 7b, which corresponds to original Figure 4. 
Renumbered Figures 8 and 9, which corresponds to original Figure 5. 
The Applicant has removed the page number of the Abstract page. 
Respectfully submitted, 
GOWLING LAFLEUR HENDERSON LLP 
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| Flexible Ferrule Device EQ RFor Connection of 01 Optical Fiber 

| and And Use Thereof 

BACKGROUND OF THE INVENTION 

The present invention is directed to a connector assembly for connecting optical 
fibers for use in optical communication systems, and particularly to a flexible ferrule 
device for connecting optical fibers for such use. The present invention further relates to 
| a method of connecting optical fifeetfibers using such a=device and to a tool for use 
thereof. 

The invention relates to an optical fiber connection device that allows for the end- 
to-end alignment of two optical fibers in a way such as to permit a light signal to pass 
from one fiber to the other fiber with minimal attenuation and reflection losses. This 
device also makes it possible to reduce any air layer between the ends of the two fibers 
in contact by maintaining pressure on their ends. 

Ferrules and related technology are known In fiber optic connection. The art is 
| replete with examples, including U.S. Paten*44 »Patents N° 6,579,61 6,633,469-84; 
| 6.416,236— B*; 6,357,933* and U.S. Patent Application Publication N ° U.S. 
| 2002/OQ371<10.»2002/Q03714Q entitled -'Composite Ferrule of Connector for Optical 

j Fibers and Methods of Manufacturing same" A ferrule for use as a connector in an 
assembly with optical fibers requires high dimensional accuracy and precision, yet in an 
extremely small-diameter conduit for positioning and holding optical fiber. Present or 
| proposed ferrule connectors for optical fibers, such as U.S. Patent NumborM l 6,357,933 
to Lucent Technologies Inc. may not be amenable to ease of manufacture or assembly 
| with optical fiber by the technical personnel carrying out the operation. Thus* in spite of 
the known application of ferrules in optical fiber connection, there is a continuing need for 
improvement in the technology of the design and use of ferrules for this purpose. For 
example, relating to aspects of attenuation and return loss, the establishing of as perfect 
as possible fiber-to-fiber contact between end portion of optical fibers and the prevention 
of face dust accumulation between the fiber faces. There is also a need to improve the 
ease of use of ferrules in an assembly for connection of optical fibers in an optical 
communication system, by the person carrying out the operation. 

| Optical fibers are generally made of glas^ pr polymers and are mads pf 

i successive and concentric layers. At the inner centre pf the fiber, one pan find the core pf 

| the fiber, The core is surrounded by the cladding. Both constitute the waveguide that will 

| conduct light, They are made pf glass for better performance, and thus they are fragile. 
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I The cladding is flftfleralh/ raatad with a pnlynw lavar that pmfA^te tha nlass from 

| scratches and allows the optical fiber to hand nr to evert tensile strength on it. The last 

| laver of protection is raited the huffer. 

| For example, the diameter of the core can he hetween 6 to fiOiim and the 

| diameter of the cladding is rienerally 125 urn, hut can be 50um to ?O0um. The buffer 

! . | diameter is generally 25Qnm for fitors to hs R^mhlfid in a cable with other optical 
| fibers, if used alone, a fiber will receive a 9Q0um buffer made of different (avers to protect 

I glass gtnd polymers from water and sunlight 

In the field of photonics, optical fibers are used for the transmission of optical 
signals as well as for the linking of optical switches, waveguide grating devices, optical 
| amplifiers, roodyl emodufes and the like. Optical transmission systems relying on 
| photonics have been taking on greater Importance* as optical signals are capable of 
carrying a far larger quantity of information as compared to typical copper wire 
communication systems. For example, with the technology of Dense Wavelength Division 
Multiplexing (DWDM) and Demultiplexing it is possible to transmit multiple wavelengths in 
a single fiber, providing data capacities of 40 Gigabits per second and greater. 

Optical networks which require DWDM equipment and other such devices 
| demand multiple amounts of epfeefssajjces, and connectors. Splicing and connecting 
play a significant role in network cost and performance. Although mechanical splicing of 
optical fibers may be sufficient where there is no requirement for frequent connection and 
disconnection, current technologies for connectors or for splicing are still time consuming 
and expensive, since they are difficult to miniaturize and to manipulate. As well, there will 
be circumstances where connectors will be used In applications where flexibility for 
routing or reconfiguration Is necessary or for connection of an end use device, such a 
j computer or other electronic dovtea devices to a fiber or to other such devices. Current 
technologies for connectors or for splicing are still time consuming and expensive, since 
[ they are difficult to m i niature miniaturize and to manipulate. 

As poor connection between the ends of two optical fibers will lead to signal 
distortion and loss of strength, a number of approaches have been proposed for proper 
optical fiber connections which will provide a good signal conduction. One such 
[ approach is set out in our U.S. Patent N° 60/358,392 titled International patent 
j application entitled "A Connector for Optic Fiber s" PCT/CA03/01195. m and published 3S 
_ | wo 2004/015473. This application is incorporated herein by reference in its entirety. 

In our aforesaid application, we propose a connector for connecting the ends of 
two optical fibers by abutment, wherein the connector is divided into a plurality of fingers 
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that extend longitudinally at each end and a fiber conduit extending from the first end to 

| the second end. Such a connector is manufactured from shap e m e mory materialS bagg. 

| Memory M aterial fSMMl such as polymer coramic polvmers. ceramics, or a metal aJteyr 

| with l ow olactio modu l uc - a Uoy&, In general, such materials when deformed at low 

| temperature from a rest condition by any s uitable moans, each as by mechanical 

| deformation or temperature incroaco, w ill then be biased to return to ajthg rest condition 

| When th e causo of d e formation is removed, one heats them up ov er § temperature 

0 | specific to the m^tensl used 

Use of such an optical fiber connector as described above is however not totally 
| satisfactory as during the step of cooling or release of stress tho connector t o a ll o w i t to 
| r e turn to Its rest condit i on , there may be a tendency for the connector to push the ends of 

the optical fibers apart slightly. This makes it necessary during the operation of 
j connecting optical fibeffibers ends to include an additional step of restraining the optical 

fibers in a fixed position during the step where the connector returns to Its original size, to 
| prevent the optic fibers from being moved apart on the Goolm aheatiria of the connector. 
1 Accordingly, 6ome form of fixed clamping fe required, of the sheathfa ufig£ that typically 

covers and protects an optical fiber or bundle of such fibers to prevent axial movement of 
j the optic fibers being connected. Such a_step is cumbersome to the easy and quick 

connection of optical fibers using an aforesaid connector, requiring a certain degree of 

operational skill on the part of the technician carrying out the operation. 

| Accordingly, although a SM A Althou gh a Shape .Memory Material fSMivtt connector, as 

| described In our UtS. App l ication M° fi0/35fi arajntemational patent application published 
| as WO 2004/015473, provides an improved means for connecting optical fibers, this 

still requires the use of certain operational skill by a technician carrying out the operation. 

As well, there is a need for improvement, such as in attenuation and return loss, fiber-to- 
| fiber contact, di^dusi accumulation and the like, in relation to optical fiber connection with 

ferrules, despite the common use of such technology in the field of optical signal 

transmission. Thus, there is a continuing need for an optical fiber connector assembly 
. that is simple and quick to install and use and to maintain a good signal conduction 

between optical fibers, as well for a connection to be made and provided at a near end 

use device. 

I For purposes of the present application, with respect to shap e memory 

( ffiateria lShaoe Memory Material (SMM), reference may be made to AFNOR Standard 
| -lAiliages A m6moire de derme— Eomss^ Vocabulaire et Mesures^: A 51080-1990, herein 
incorporated entirely by reference. 
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| . Materials, which a r e- cuitab l o for tho procont - Inv e ntion, will illustrate a v e ry low Young's 

' J modulus (elastic modulus) and /or pcoudo elastic offoot. Fceudo elast i c e ffect l o 

j encount ere d in SMM. Concerning th e shapo momory effect, Shane Memory 

| Materials (SMM) are characterised by the following hehaviour: when the material is below 

| a temperature (Afc&[f), which is a property dependent on the particular SMM, ft is possible 

| to strain (deform) the material from abou t soma tenths of a percent to more than about 

| oidht porcont. d e p e nding on the particular SMM us e d . The strain i s quite easily obtained 

| bv stressing the material with a relatively low stress. When stress is released. SMM 

| retains the greatest part of the strain . When the SMM is heated above a second 

| temperature (Af£D, which is also dependent on the particular SMM qc woll as the a ppli e d 

| stres s, the SMM Will tend to r e cov e r I ts nsfilgnftri shap a r ecover t h e strain. The recovery 

| of strain is total unless the stress used to deform SMM exceeds the yield strength of the 

j material, Thus, depending on the SMM. mwmum recoverable strain reaches eight tQ ten 

| Percent. This shape memory phenomenon can he used to move or to stress other parts. 

| During hegting above (Af), the SMM can exert 3 strength, In such a way, strain recovery 

I wni be reduced, depending en the strength exerted, The higher the strength, the mgre 

I the strain recovery will be partial, 

I At e very high strength, strain recovery will be null. If unstressed, the SMM will 

{ tend tewaFd&MiaEdS total recovery of its original shape, i f a stress is maintained, the SMM 

I will tond to particularly recov e r its orig i nal chape. Concerning tho ps e udo elastic 

I effeekSMM also ftvhihitfi a pseudo-elastic properties coming from its shape memory 

I Qt^raqten'sticg. Pseudo etefife property is also referred to as super stole effect 

I The pseudo-elasticity results from the following phenomenon; when the SMM is at 

I a temperature greater than ifeKA^f), It may^n be strained at particularly Wgherbigk 

J rates, that is exhibiting n o n-use d unusual elasticity, arising from the shape MEMORY 

I properties. Initially, iejfl&ga the SMM whenis stressed the strain will increase linearty, as 

j In a-4*sed an usual elastic material. < 

|: However, at an amount of stress, called Sms. w hich is dependent on the particular' 

I SMM and temperature, the ratio of strain to stress is no longer linear, siojes^strain 

j increases at a higher rate as stress is i ncrea s ing increases at a lower rate. At a particul a r 

I higher level of stress, the increase in strain will tend to become smaller. This non - linear 

I e ffect exhibited by SMM a t e mp e ratur e abov e (Af) may. manifest i tco l f as a hyst e r es i s lik e 

I effect, whoroin onQ a the release or reduction of stress, the Hnrinnfionreduction In strain 

I will follow a different curve from the one mahifes tm anifested as stress was Increased, in 
the manner of a hysteresis like loop. ' 
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An example of such an above material would be a shape memory alloy (SMA). 

Examples concerning activation of the shape memory element in a SMA include D.E. 

| Muntges et ai, "Proceedings of SPIE T " A Volume 4327 (2001), pages 193-200 and Byong- 

| Ho Park et aL, "Proceedings of SPIE 7 \, Volume 4327 (2001), pages 79-87. Miniaturized 

| components of SMA may be manufactured by laser radiation processing. See A for 

| example* H. Hafer Kamp et a/., "Laser Zentrum Hannoverfc lanQ^r. a v. ," Hannov e C 

| Hanover. Germany [publication]. All of the above references are incorporated herein by 

reference. 

I Materials, whifth m auflaNfl for fhft pr^nt inygnflpn. will Illustrate pseudo elastic 

| effect, SMM tePhnatagy is particularly awlta! to ffgfis alJte^^ 

I §a a hiah strain capability allowing a sufficient enlargement of the bore 

\ diameter to freely insert the optical fibers: 

I mechanical retention of fibers ; and 

I £ gltows to create a strength of abutment between the feces of fibere, 

[j The oonn e otorf fliula may, for example, be made from a shape memory 

| polymeric material, such as isostatlc polybutene, shape memory ceramics such as 

| ztrooniumZ irconi^m with some additions of Cerium Beryllium or Molybdenum, copp e ro x. 

| sftape memory allovs: Copper alloys including binary and ternary alloys, such as Copper- 

| -■■ AluminunvAlHmtnium alloys, Copper — ^Zinc alloys, Copper Aluminum — -Alurninlum- 

| Beryllium alloys, Copper — Aluminum — -Aluminium-Zi nc alloys and Coppe r - Aluminum — 

1 -Aluminium-Nickel alloys, Nickel alloys such as Nickel — = Titanium alloys and Nickel — -* 

J Titanium — ^Cobalt alloys, Iron alloys such as Iro n - mnnoanos e Manganese alloys, Iron- 

I — ^Manganese— ^Silicon alloys. Iron — ^Chromium — -Manganese alloys and Iron — t 

;| Chromium— ^Silicon alloys, Alum i nu mA lumlnium alloys, and high elasticity composites 

| which may optionally have shape memory m etallic or polymeric reinforcement 

| With resnect to the present invention, two optical fibers must be prepared so that 

| the buffer Is retrieved on a sufficient length to allow the fernile to keep the claddings and 

| cores in front of each other. A cleaving tool will advantageously cleave the ends of the 

| optical fibers such that the extremities ane flat and nearly perpendicular. 

| . To connect the ends of two optical* fibers using ewtbfi ferrule connector, the 

| connector must be first deformed I n any s u i tabl e way, ouch as by th e application of a 

| compressive forc e along its longitudinal axis t o enlarge the diameter of its bore, which in 

| its rest position Is sllohtlv smaller than the optical finery One end of the optical fiber is 

| inserted into the bore of the fermle and then a seconrf f|ber is inserted into the 

| Other end of the here of the ferrule until the fibers fare one another. An optical gel may 



uowiings - 



Montreal 200b/4/iy 3:27:47 PM 



PACih hax server 



; J also be applied, which would b e fa g^ substantially of the same index of refraction as the 
optical fibers to assure uniform optical properties across the connection between the 
fibers. 

Once the optical fibers ends are fully inserted into the connector, and the 
respective ends abut, the force applied on the connector may then be released and the 
| connector allowed to rotum to an i n i tial chap s . On roloacod shrink on the inserted fibers. 
| Upon neiease of the force on the connector, the connector will then tend to exert a 
| controlled compressive force on the optical fibers, sufficiently strong onough t o retain the 
| eptfeaofi^l fibers in an abutment position but small enough not to damage the optical 
j fibers by compression .SMA technology is particularly suited to optical fibe r connection, as 
| It off e rs mochanica l- ret e ntion of fiber and can cr e ate an abateme n t betw ee n a nd f a ce s o f 

SUMMARY OF THE INVENTION 

The device for connecting optical fiber comprises a ferrule and end caps with wire 
| eentepeggolEss of which the extremities are located at th e c e nter e rm iddlfi of the ferrule, 
| length: said ferrule comprising a bore that traverses the central axis of the ferrule, a 
| middle portion or ^centererl connecting clamp means at the free e nds of the ferrule, 
j linked together by the IcentereC; the ferrulp being made of any material that has the 
j property of sh ap e m o mory- Shap e Memory Material fSMM) and deformation equipment 
allowing for its implementation. 

Unless otherwise indicated herein, in the present document "device* refers to the 
device that connects optical fibers. 

BRIEF DESCRIPTION OF THE FIGURES 

Reference will now be made by way of example to the accompanied figures, showing 
articles made according to the preferred embodiments of the present invention. 
Figure 1 is a perspective view of the ferrule in accordance with the present 
| invention^ 

| Figure 2 is a perspective view of a second realisation of a ferrule In accordance 
| with the present invention, 

| Figure 3 Is a perspective view of the ferrule and its nltias in accordance with the 

I present invention 
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1 RffHre 4 is a perspective view of the tool in accordance with tha | 

I . Figure 5 is a perspective view of the tool showing the opening of the "centerer" on 
the ferrule. 

| Figure a-fijllustrates the placement of the first fiber. 

| Figure 4-ZJHustrates the placement of the second fiber. 

[ Figure &4Lilfustrates the removal of the tool. 

| Fi gure 9 illustrates thft strengths exgrted by the ferrule on ths tWQ connected optical 

, I fihf^rs, 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present Invention will now be described more fully hereafter with reference to 
the accompanying drawings in which preferred embodiments are shown, 

A. Device embodiment: 

The device for connecting optical fibers comprises a ferrule and may be made 
from any suitable material such as either ^ polymer based material, metallic alloy or 
| ceramic or any material that has a low Young' s modulu s such a s p olymeric materials or 
| ** CuaB e elastic altoy &^ or any materia l thot hao t he property of pseudo elasticity for its 
j implementation, thus, it must be a Shane Memory Material fSMMV The ohapo memory 

| materialSftape Memory Material may be any as described above, with desired properties.- 
I The shapo m e mory material mav bo The Sha pe M emory Material mav be a ceramic, a 

| oolvmeric or a metallic alloy such as copper based o r iron basfid_a lloy. or It can be a 
| nickel / titanium alloy. The composition of the s nap s m e mory mat a ria l Shape Memory 
| Material (SMM) may be more complex and include other elements in variable quantities. 

| The shapo m o morv material The Shape Memory Material fSMMl Is advantageously ueed- 

| in i te austonitic phoc o at an applic a tion temperature > Af for the realization of an optical- 
fiber connecting ferrule. In effect, in this phase, It has deformation capabilities, referred-to 
as pseudo-elastic, which are more Important than the elastic-deformation 

| . capab i liti e s capacrties of a metallic or ceramic alloy that does not have the properties of 

| s hapo mQmorv.Pseudo-elasticrty. ; 

The ferrule is generally cylindrical and, before its first connection to optical fiber, it 
is characterized by the elements described in Figure 1, namely: a bore (1) that traverses 
| the central axis of the ferrule, from one end to the other end; y/\\\} re spect to the present 
| : invention, this bore Ml has the very specific characteristic in that it must be sliohflv 
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I middle portion (2), commonly referred to as "centered , at a l e ve l wher e in tho diamotor 

I of tho boro of tho forrulo i c clightiy small e r than tho diamet e r of the optica l fibers that It is 

I to oonnoct and connecting ciamps (3).W ith respect to the present invention, this 

j "centerer^ig) has the function (a) to centre, th e two o p tical fibers with just suffici ent rad i al 

I di stortion al l owed to oncur o that tho two fiborwithpMt any radial dfctqrtipns . t he ands pf 

I the two optical fibers from which the buffer as been retrieved on the desiredLlenoth^ 

I Centering of the un-buffered class fibers ensures that the two fibers cores are face to 
face with the minimum of misalignment in order to obtain an optimal optical signal 

| transmission; (b) to firmly maintain ea ch of the two optica l fibers in place co thoy cannot 

| separate from ono another: (c te nd (b\ and to maintain the two optical fibers In contact 
with each other with an axial strength predisposition in order to ensure minimal 
attenuation and reflections at their junction, particularly, in order to counter the effects of 
e thermal expansion of the ferrule or tractioh on the optical fibers. This maintenance is 

| advantageously obtained by an adaLextension of the "centerer" £2X.f Grr ule-Is with the aid 

| of a tool, as described later. After the "centerer" (2) is relaxed, it tends to naturally 

| contracts maintaining the two fibers in contact and under pressure on each other. 

| At each end of the ferrule, connect i ng clamps (3) tha tt he connecting clamps 

j {3) are linked together by the a centerer°i2). Each of the connecting clamps is /3) .resting 

j in a closed state making the diameter of the ferrule's bore smaller than the diameter of 

| the optical fibers to be connected. With respect to the present invention, the connecting 

| damns tS\ am dinned to be independently opened hy a tool, as hereinafter described. 

I go that one can infroduofi un-buffered fibers to thfi "oftntfirer C2JL alternatively from ona 

| side, and then the other side of the ferrule Whm fnol releases the connecting damns. It 

| Ptoses yn thfl cladding of the fiber to maintain the fiber firmly In position. 

| Clamp6 may bo prolongated b y a sec ti on -e ompri ci n g a ce nfrat-fe o re with a 

| diam e t e r a littlo b i t smaller that c l adding diamotor 

|r Thus, th e olampc will restrain th e oladded part of t he^fi fe e r to a voi d- b rea ki n g or 

| fa il ure at th o junction b e twe e n ctadd e d a nd uncladded - fib e r 

1 A froo l ongth of uncladd e d fiber allows to adapt to concontrioity d e fault betwe e n - 

| out e r diam e ter of cladding and uncladded fib e r. 

| With respect to the present invention the connecting damps.X3) have the function 
of firmly holding each of the two fibers in the ferrule in a way such that the contraction of 

i. . 



j the "centered once released by the tool, allows for the compression of one fiber 
against the other. 

When both connection clamps (3) have been released, thev firmly maintain the 
two optical fibers to he connected. Then the tool will release the "centerer" so that it 

centres the two fibers, and it contracts to press optical fibers on each other. 

As shown In figure 2; each connecting damp may be prolonged fry a portion: 

buffer fixers (7) comprising a central bore m with a diameter a slightly smaller than the 
diameter of the buffer of the fiber. 

Thus, the buffer fixers (7) will restrain the buffered pert of the fiber to avoid 
breakino. or failure at the iuaciiPj^beMeejr^bufer^cLa nd unbuffered fibers. 

Junction between fiber bore (1) and buffer bore (9) will advantageously be done 

bv a conical portion (fl_V 

In a preferred embodiment, end cones (4) are located at the e xt re mit es extremities 
Of the ferrule to allow for tho dnfnrmntfon of the f e rnit e- in nrivnnco o ft he opening of each 
cJama and to easily allow for the smooth insertion of the optical fibers. In a preferred 
• embodiment, conic grooves (5) are located on each side of the "centerer" £2XJo facilitate 
its expansion by the tool. Th e conn e cting damps hav e on e or 

With respect to the present invention, the ferrule has one of more pairs of 
longitudinal slots (6) that cut the diameter of the f errule, traversing radially outward from 
the centre. Each slot£gJ cuts the ferrule from one extremity, traversing the length of the 
"centerer* and stopping at a point between the een tocenterer and the opposite extremity. 
Figure 1 and 2 shows an example realisation with four longitudinal slots^g), comprising 

tWO Set SP Jia-Sei of two Slots nt AO 0 Fnc h r. e t m m priRRRffi) at <yi° ft) the other set of slots 

(f>\ Qpa, set of the two slots go&rq{6) cut the ferrule radially outward in opposite 
direction and the two . glntfi ciif thfvfnrniln ninng thn nrthnnnnnl axieiongitudinaHv Q Mtwaro; 

from the opposite end of the other set of slots tfiX to allow a better opening of the 
"centerer" (2) and of the two_i:onnection_c[amDB_(3). This illustration is not restrictive in 
terms of the number of slotsig). Cuts B to F visually illustrate the location of the slots (£L 
along the length of the ferrule. With respect to the present invention, these slots £SX 
operate to allow for suffident deformation of the bore of tho oontro£ D to easilyfreely and 
reprodudbly insert the optical fiber while ma i ntaining a reproducibl e bor e that can be 
made uoing c onventional industrial means and i s minimally smaller than that of the 
optica l fiber. In tho cas e whoro a clnglo plot ic used, i t could travors e th e e n tir e le ngth of 

tho forruiogre used to maKe the bore fU 

| The With resnect to the present invention the boreXU of the ferrule Is protected by two 
| capscap wires (71 OV as shown in Figure 2& in order to prevent contamination by dust or 

I . .. ■ .• 
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any other aey-substances. These two eap scao wires MO) have wire centres whose 
extremities are located att ouch op e another in the middle nf the "centered of the ferrule, 
to allow for optimal cen tri n c positioning of optical fibers when replaced by them. 

B. Use of the ferrules 

The ferrule will be used with a too t shown In Figure 4 that can deform It in order to 
put the optical fibers in place. 

Only the basic functions for operation when used with the tool are described. The 
figures are presented only as an example^and are not intended to limit the scope of 
possible implementation of the tool. For example, grip pliers, automated and motorized 
tools, tools built In and around each ferrul e as a part of foe connector, etc. 

In one embodiment this tool e ss e nt i ally c omprises: 

t A pair of external grips (12). each' of the said external grips comprises a cone 
(131 t hat engage i p the end cones ( 41 of the femil o - ^t th o two o nd cones A 

t A pair of internal grips £L£l.that enoaoee n gaoes in the conic grooves (51 of 
the 'centered of th o ferrul e . (21 of the ferrule Fanh of external orios (121 and 

internal grips (14) romprtess a parage m) th3t allow? the tQQl to fit the 

ferrule and its end cans (101 on the tool For example, this passage can be a 

circular hole or a side passage as shown op the figure 4, 

V 

a) Deformation of the "centerer": Fi gure 5 

As ill u s trat e d, the fenrulo in thic embodiment is "dumbbell" shapod, t ho diam e t e r of 
th n ennrmcfing . d a mp s gre at e r than that - nf - th e nentomr Theshown in Figure 5a. 
lb§ ferrule is placed on the two cones (151 (shown on F iptira 41 of the internal 
grips ( 8), which - ar e e ngag e d on e from th e other* Each of the int e rn a l grip s 
comprises a con e ( 8 1 tha t 14). The two cones (151 engages each of the conic 
grooves (5) of the ferrule's "centered (mn Figure ?) T a nfifon2) n As shown in 
Ffoure 5b. tension Is applied between the two gripsjntfimal grips (14) to deform 

the "centered £2). This deformation can be broken down into two 

phasescomponents: one consisting of the elongation of the "centerer^ms} and 
another one consisting of the elongation of the bore's diameter U£$Xjr\a\dng, it 
(anger than the diameter of the fibers to be connected. 

Usually, when one elongates a cylindrical nart, fhft nfometer nf this pari will shrink. 
Shape Memory Materials have the same behaviour. 
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The slots (6) that divide the "centerer" (2X.allow the advantageous combination of 
the expansion of the "centerer* £2)_with an increase in diameter of the bore_CU 
through the reaction obtained by the two conic grooves (5).of the "centerer"i2). 

In this way, the slot or slots £§)jn the a centerer*J2) allow for the enlargement of 
the bore's £ULdiameter combined with the expansion of the *centerer"jC2). 
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j b) Placement of the first fiber: Figure 6 

| The two oxt e mal grip s (10) also comprise a corio (11) that is ins e rt e d in the e ntry 

| of tho oonnoot i on clamps. Tho fir s t e xt ernal grip is brought close to tho forrulo ond 

j i ts cone is insortod in thn ond conn. A fornn Flnnnatinn f18l of the "ce nterer" (2\ 

f and deformation (19) of the bore (1) am maintain^ The cone (13) on the tool of 

| a first External grip (12) is inserted in an end CQne (4) of the ferrule A fprra (2Qa) 

j is applied between the external grip (121 and the corresponding internal grip (14)_ 

| on the same side of the ferrule (see Figure 3ga). This force opens the connecting 

j clamp (3) by using the force obtained from the end eana smne (4\ and conic 

[ groove (5). The opening of the connecting clamp (3) i s such that the bore {IX 

| diameter isfreQprpes larger than the diameter of the optical fibers. 

j Once the first connecting clamp (3) is opened, the cap wire (101 i s removed and 

j replaced with the first optical fiber, as shown in Figure 8b. w hich had been 

I previously prepared. The fiber is abutted against the end of the second capjadoL 

| (10V which is still in place. In this way the junction between the fibers tewilt be 

| made at the middle of the ferrul e ensuring tho holding of tho two fibo r s i n plac e. 

| Preparation of the fibeffikeis comprises removal of the f i b or, ol a ddingfe yffgc and 

[ cleaving the fiber. The first external grip (12) Js then relaxed so that the first 

j connecting damp £2]Lcloses on the fiber and maintains it in place (see Figure 3)*- 

I .6o with strength (22), 

| c) Placement of the second fiber: Figure 7 

| Strength ( 1 81 and deformation (A 9^ of the hore ( 1 \ are still maintained. 

| The second external grip H2* te brought close to the heading to the f errule and its 

| cone (13^ is engaged with the end coneJ4) located on the ferrule. A force (20b) j s 

| applied between the external grip (12V a nd the corresponding internal grip H4) on 

| the same side of the ferrule (see Figure 4Za)- This force opens a second 

| connecting clamp <3Y as represents fry ^ f23V The opening of the 

| connecting damp (2Lis such that the boreal) diameter is larger than the diameter 

| of the optical fibers. After opening the second connecting dampj£2) f the capilQJ 

is removed and replaced with the second optical fiber, which had been previously 

prepared. 

The second fiber is abutted against the end of the first fiber, which is already in 

|; place (see Figure 4Ja). The second external grip £L2Lls then relaxed so that the 
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j second connecting clamp (aldoses on the fiber, and maintains it in place (see 

| Figure 47b with strength f?4). 

| d) Closing of the ^emriefferry^; Figure 8 

I The strengths (ZZ) and (23) are maintaining the two fibers abutted, 

| Although tho "contoror of th e f e rrule is st i ll ma i ntain e d i n traction, tho relaxation of 

J both e xtern a l - grips r ft Rit l ta in a nonfmnfinn in thn rfiamflterThen the relaxation of 

Uov, | both internal nrins H41 will suppress the "centemr* m elongation M81 and result 

| in a suppression of the rififofniation H91 of the bore in the region of the "centered 

j ( s ee Figure 52 ). Thus, the "centerer'Ug) is applying a radial force £251 Qn the two 
fibers leaving no "play" between the fibers and the ferrule. The two optical fibers 

| are therefore perfectly center ed centred with respect to each other. 

| Onc e tho forc e appl i orf thn i nternal nrip As strength M8^ is relaxed, an d t he 

| *centerer,X2) is no longer maintained in traction, its length tends to contract and 

| ttslha two fibers are abutted with strength (261 on each other. This compression 

I allows for the contact of the two fiber ends to be maintained g^nrxunder the effect 

| of traotion offa psile s trength exerted on one of the two fibers or the effective 

| t he rm o thermal expansion of the ferrule. In the case of a drop in temp e ratur e / the 

| f e rrul e wil l hav e a dlmonciona l contraction gr e ater than that of tho fiber. Th i s 

| contraction would have a principal effect of increasing th e contact pressure 

j b e tween tho fibers and the pressure of tho grips on tho fibers, Thic increase in 

| pr ess ur e wi ll b e temp e red by using the material s li s ted in paragraph A and will 

| havo no effect on the junction of th e fibers and thoir quality of transmission and 

| rof l ootion. 

This rema i no truo as long ac the temp e ratur e of th e forrulo remains higher than that - of 

(M's); - If tho temporaturo of the ferru le is le ss than that of (M'c), th e n the gripe ar e r e lax e d 

a nd tho fib o rs could cli do within th e ferru le- wlth minimal effort and thoro is a reduction In 

contact pro Gouro between the fiboro. Thus, this coco, thoro is a rick of degradat i on of 

. transmission and r e flootion charact e ri s tics ottho junction by coparotion of tho fibers. The 

tool may then be left in place if it is integrated with the ferrule, or tf-it is removed from the 

connection (see Figure fekfll by passages (16V 
| A ferrule comprising buffer fixers m fls represented in finure 4 win he used 

| • exactlv in the same way as tha rissrriptinn nf portion R - use of the ferrule. The 
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I connecting damns (31 will exert strength on the fiber cladding and also pn fllg 

I fiber buffer. 

| This will reinforce ontlcal fiber junction in the case of risks that fibers will be bent 

| pr submitted to tensite strength;, 

£L C^Reuse of the ferrule; 



I The ferrule of the present invention may be removable. In order to do this, on e 

| mny nno removs the fibers, the same deforming tool used to create the junction can be 

| used. In a particular embodiment, using the two internal T'P e (14) gnH BOOBS C15J» the 

| "centerer" (2) Is "bent" to relax the contact pressure between the two fibers and to open 

| t hfi bQre M V Then, using thea first external grip- Qg) ^pd its cone QjgJ the bore (1) is 

| expended at the level of the first connecting clamp ic oxpandod to opon tho.boro, thucQ l- 

» 

i | ; Thus making it possible to remove the first flber.-The 

l \ A first capJifll is then reinserted into the borejUfl), allowing it to abut with 

| tbewttlg second fiber The ggmftfirpf p*t*rm* ff ri P U2) b released to fix the can MO) into - 
| the ferrule. A similar operation is repeated to the second gytfirnal nrip (121 and its cone 
| (13) in order to expand the bore (1) at th* tavftl of the second connecting clamp, whfeh- 

j oxpands th e bore, t hus making it possible to remove the second optical fiber and then the 
| second capj&QJ is inserted. The second connecting clamp (2i-and the two internal grips. 
| (141 are then relaxed, and the ferrule may then be reused to make another optical 
Junction or connection. 

It is to be understood that the various features of the present Invention might be 
incorporated into other types of ferrule devices, and that other modifications or 
adaptations might occur to workers In the art and It is to be understood that the invention 
is not to be limited to the specific embodiments disclosed and that modifications and 
other embodiments are intended to be included within the scope of the appended claims. 
All such variations and modifications are intended to be included herein as being within 
the scope of the present Invention as set forth. Further, in the claims herein, the 
corresponding structures, materials, arts and equivalents of all means or step-plus- 
function elements are Intended to include any structure, material, or acts for performing 
the functions in combination with other elements as specifically claimed. 
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| We Clflim ; 

I L A device fpr connecting optical fibers for tha punwse fff transmission of an optical 

| signal CQmprtsiflgaieml ^ 

| 1, A d e vice for conn e cting optical fib e rs for tho purpoco of transmlccion of 

J an — optical s i gnal — compris i ng a ferrule, sa i d f e rru le — comp ri s i ng a 

| longitudinal extending body mgde of Shape Memory Material fSMM), said 

| body having a middle s oction and a fir s t conn e ction clamp and a s e cond 

| conn e ction clamp with a conic end at e ach nf ita free a nds portion. said 

| middle portion having a first end and a second end, a first connection 

| glamp and a second connection Clamp, said connection damps are 

| located on either sfetefind of said middle portion, each conne ction clamp 

| having a free end associated therewith, said body and said connection 

! clamps also having a bore that traverses ttsa central axis through said 
connection clamps and said middle portion, and said bore having a 

| diameter thaWs-slightly smaller than the diameter of the optical fibers to be 

| connected, said middle portion having a first ond ando c o cond ond body 

| with conic s e ctions with oppo s ite angl e s at i t s first end and tho second 

< j e nd; -s a i d connection clamps also having ono or moro lon gifadieaE-stets- 

| that cut tho forrul o a l ong th e orthogonal axis, travorc i ng radial l y outward i n 

| opposito direction ond e xt e nding th e length of th e f e rrule from ono oido to 

| th e oth e r sido, a firet plug ond a cocond plug a nd having a wiro odfttor that 

| i s in s e rted into tho conic ondc looatod ot tho froo onds of the - first 

| conn e ction clam p and th e s e cond connection damp and e xt e nd u nti l th e 

| c e nt e r of tho middio portion of th o f o rrulo. 

| hj said body also having one of more pairs of longitudinal slots that traverse 

| the diameter of said bodv. each of said pair of slots beginning within a 

| connection clamp and eytendino to the free end of the other connection 

| clamp, and wherein if there Is more than one pair of slots not all pair of 

| slots commenr^ at thq same connection damn: and 

I c} a first cap and a second cap comprising of a wire whose diameter is 

i: approximately the same as the diameter of the optical fiber, said cap wires 

| are Inserted Into the said bore of the said bodv. and said cap wiras are 

I -4€- 
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penetrating into the ferrule from each side, and said cap wjres f^ra abutted 
on each other at the middle of the length of the body of the ferrule. 

2. A too l comprising two int e rior grips that engage with the comp le mentary s e ction s 
of th e conlo s e ct i ons on th e middle port i on of th o f e rrul e of cla i m 1 and two 
exterior gripe that engago with th o forrulo at th o conic onds located at tho froo 
find of fhn cnn n n ctin n of a m p sThft rif^c ft of cfrim 1. wherein each of said 
connection clamps have at Its free end a conic end penetrating alonn the axis of 

said connection stamp, 

3. Th o use e* thQ devtee nf H n ln n 1, for Gseaee8on npiir^i fihAra cnmprirJnq. n>yice 
of claim 1- wherein said middle portion has conic qrpovftft forming a ring around 
the junction between the first and second connection damn and the middle 
portion, said conic grooves penetrating inside the first and second connection 

clamps. 

(a) e ngaging the two int e rior grips on the tool of claim 2 with t ho comp le m e ntary 
con i c c e ctions located at tho ends qf tho middle portion of tho forrulo to causo 
e xpansion of the l ength 

4 The device of claim 1 wherein said pairs of slots form an angle which valufi is 
tetwftftn 25° and 30°, 

5, A tool for deforming a device for connecting ontical fibers comprising: 

£ two internal grins that engage with the ends on the middle Portion of the 
ferrule of claim 1: 

fe) two eternal grips that annane with the free end of the connecting damps 

(rfthftfanmto; and 

c| said interna l and said external grins heinp traversed bv a passage that 
allows notice! fihers and cap wires to he removed from the ferrule Or 
Inserted In Efild ferrule. 

4 A tool for deforming a device for connecting ontical fibers comnrisinn; 
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I & two internal nrins shared in a conical noint that enoacift with the 
| complementary sections of the conic grooves on the middle Portion of the 

I ferrule of claim 3: 

| h} two exterior g rips that engage with the conic ends located at the free end 
| nf the connecting damns of the ferrule of claim 2: 

| £ said conical point of the said internal grin and said external grips being, 
| traversed hv a nassana that allows optical fibers and can Wires to be 

| removed from the ferrule or inserted in said ferrule. 

| 2* The use of device of claim 1 combination with the tool of claim 5. for connection 

| of optical fibers comprising; 

| 2j engaging the two internal grips on the fool with the ends of the middle 
portion of the ferrule causing the slots and the diameter of the bore to 
| expand* 

] (b) e ngaging tho two e xt e rior grips of th e toot with the conic onds on tho connection 

| clamps which applies a compression foroo botwoon tho oxtorior grips and th e 

| oonnoGtlon clamps to increase tho diamotor of tho bore; 
| (e) rttmnv/inq th a flrat plug fmm g| ^aid middle portion: 

| bi engaging g first external grip of thfi tQPl with fhQ first gonn^ion damp of 
| ferrule, which cau^s the diameter of the bore in the first connection clamp 

| to increase. 

J gi removing the first cap wire from the first connection clamp and inserting a 
| first optical^fiber into the bore until it is abutted against the second pk*§- 

J connect e d to tho second connection clamp and the first e xt e rnal grip i s 

I r e lax e d e o that the conn e ction clamp cIogoo on the fib e r and maintains it in 

J p l aoo; and 

| ft*} removing tho cocond plug cap wire, said se cond end being maintained in position. 

I by the seconcl connflcticn clamp; 
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d} removing the first external grip so that the first connection clamp on the 
ferrule closes nn the first fiber and maintains It in place: 

e} engaging the second external orin of the tool with the second connection 
damn of ferrule, which causes the diameter of the hore in the second 
connection damn to increase: 

Q removing the second can wire from the second connection damp and 
inserting a second optical fiber into the hn m nnd which end said second 
optical fiber is abutted against the first optical fibe r - and maintains it in 
pl a c e and th e second oxtoma l grip is r e laxed s o that the conn e ction c l amp 
do ses on the fib e r and maintains i t in place. 

<e) r e l e as e of th e center, cau si ng diamotor and longth docroaoo, whorcby eufficiont 

foroo is a pp lie d by th o dovico to center the flboro a nd abut th o - f i ber e nd faces for 

• light o i gnol transmis si on. 

4, Th e us e of c l aim 3 wherein tho tool may b e us e d; 

gl removing the second external grip from the second connection clamp of 
ferrule so that the second connection damp of the fen lie dose on the 
second optical fiber and maintains it in nlace: and 

£| removing the two internal nrins from the ends of the middle nortion of 
fern ile causing the middle portion of the hore to shrink on the optical 
fibers to centre them in front of each other for light transmission, and at 
the same time censing that length of the middle portion of ferrule to 
decrease, said length decrease creating suffident force to firmlv abut tha. 
fibers end on each other for light transmission. 

& The use of device of claim 1 combination with the tool of daim 6. for onnnfidion 

of optical fibers comprising; 

a) enoanlnn the two Internal nrins nn the tool with the complementary COhlC 
grooves located at the ends of the middle nortion of the ferrule causing the 
slots and the diameter of the hhr» to expand at said middle nortion: 
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tQi enga ging a fi rst external ado of the tonl w^ ttffl CflOifi end on the first 
connedion damn o f ferrule, which ^uses the diameter of the bore in the 
first cnnnedion damp to increase. 

removing the first ran wi re from the first connection damn and insetting a 

first optical flher into the hom until it is abutted against the second pap 
wire said second end being maintained in position fry thft $?sm$ 

connection damp; 

& re m o ving . fh * fir *t external orin so that the first connection ohmn on the 

ferrule doses o n thA first fiber and maintains it in Dtace; 

engaging the second exterior grin of th e tnnl with the conic end on the 
^nri connection damn nf femite. which reuses thg diameter nf the bore 
jp the second connection dqmp to Increase: 

£ removing the second cap from the second connection clamp and inserting 
a sA^onH nntical fl hur into the hnrA and said second QOtioal fiber fe 

£ removing the second external nrin from the conioai OXtremitY Of the 
second connection dam p of ferrule so that the second r-onneotion Clamp 
of the femie dose on the second optical fiber and maintains It in Place: 
and 

h) removing the t w o internal orios from the two Gonial grooves Of the middle 
portion of femiia. causing the middle portion of thft PQP3 to ShrihK on the 
optical fibers to centre the m in front of each other for light transmission. 
and at the sa m e time causino>h * t tennth of the middle Portion Of ferrule fa? 
decrease, sai d lennth decrease CXfiatJllfl sufficient force to firmly flPUt the 
fibers end on each other for light transmission. 

Ttfe m e of device of daim 1 and the tool of claim 5 to remove the fibers for reuse 
of the connecting device for optical connection of optical fibers. 
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10, The use of device of clairnfi ? and 3 an d the tool of claim 6 to remove the fibers 
for reuse of the connection device fo r optical connection of optical fibers. 
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( : ) 

Abstract 

j The present invention is directed to a connector assembly for connecting optical fibers-feF- 
| use in optical communication systems, and particularly to a-flexible ferrule device for 
connecting optical fibers for such use. The present invention further relates to a method 
| of connecting optical fiber using such device and to a tool for th^use thereof. 

I The invention relates to an optical fiber connection device that allows for the end- to- end 
alignment of two optical fibers in a way such as to permit a light signal to pass from one 
fiber to the other fiber with minimal attenuation and reflection losses. This device also 
makes it possible to reduce any air layer between the ends of the two fibers in contact by 
maintaining pressure on their ends. 
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